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Abstract
Plasma	plays	 an	 important	 role	 in	 laser	 fusion	 research.	 	High	power	 laser	









plasma	 width	 was	 obtained	 correspond	 to	 the	 peak	 power	 of	 22.21	 MW	









Study	 of	 laser	 induced	 plasma	 becomes	 an	 interesting	 field	 since	 it	 is	
important	for	both	the	basic	understanding	of	laser-material	interactions	and	
many	practical	applications	(Motz,	1979).		Plasma	is	an	ionized	state	(Yaffa	
and	Eliezer,	 1989).	Treumann	and	Baumjohann	 (1997)	defined	plasma	as	 a	
special	 class	 of	 gases	 that	 include	 a	 large	 number	 of	 electrons	 and	 ionized	
atoms	and	molecules.	Therefore	plasma	can	be	defined	as	a	hot	(up	to	keV)	
electrons	 and	 ions.	 	 One	 of	 the	 major	 difficulties	 in	 understanding	 of	 the	
physical	 nature	 of	 plasma	 formation	 is	 the	 fact	 that	 plasma	 formation	 is	 a	
high-speed	 phenomenon	 (Noriah	 Bidin,	 1995).	 	As	 well	 as	 to	 capture	 the	
ultrafast	 plasma	 formation,	 a	 high-speed	 photography	 technique	 must	 be	
applied	(Mohd.	Kamarulzaki	Mustafa,	2000).	
	 A	 high	 intensity	 light	 can	 create	 plasma.	 	When	 a	 pulsed	 laser	 is	
focused	 into	 a	medium	and	 a	 certain	pulse	 energy	 threshold	 is	 exceeded,	 a	











one	atom	is	 ionized	resulting	 in	a	seed	electron,	which	 is	accelerated	by	an	
inverse	bremstrahlung	in	the	high	electric	field	of	the	laser	pulse	(Ahmad	Hadi	












































	 Prior	 to	 any	 measurement,	 magnification	 factor	 was	 calibrated	 as	
discussed	in	other	text	(Ahmad	Hadi	Ali	and	Noriah	Bidin,	2003).		The	plasma	
formation	 were	 studied	 at	 various	 peak	 powers	 by	 changing	 the	 voltage	
oscillator	 of	 the	Nd:YAG	 laser.	 	The	 generation	 of	 optical	 breakdown	was	
identified	by	the	appearance	of	electrical	spark	at	the	focal	point.
3 RESULTS 
The	 activities	 generated	 at	 the	 focal	 point	 was	 visualized	 and	 recorded	 in	








which	 is	 corresponds	 to	 the	 appearance	 of	 ellipsoidal	 plasma	 with	 a	 dark	











of	 plasma	 becomes	 skeptical.	 	 This	 is	 lead	 to	 a	 large	 of	 uncertainty.	 The	
blurring	part	is	observed	getting	thicker	upon	the	peak	power.			
	 The	 typical	 results	 obtained	 from	combination	 lenses	 technique	 are	
shown	in	Figure	3.	In	the	same	manner	as	previous	picture	of	Figure	2,	 the	
frames	are	arranged	in	the	increasing	order	of	the	laser	peak	power.		Focusing	
the	 laser	 beam	 using	 a	 combination	 lenses	 technique	 produced	 broadly-






than	 the	 previous	 Figure	 2.	 	 This	 leads	 to	 a	 high	 accuracy	 of	 plasma	 size	
measurement.	 This	 kind	 of	 image	 is	 referring	 as	 significant	 plasma.	 	 The	
existing	 of	 plasma	 is	 very	 clear	 and	 concentrated.	 	 This	 quality	 of	 plasma	
promises	 a	 good	 mechanism	 for	 damaging	 and	 interaction	 with	 target	

































	 The	 graph	 of	 plasma	 width	 against	 laser	 peak	 power	 is	 shown	 in	
Figure	4.		Two	curves	are	drawn	together	on	the	same	graph	for	comparison	
purposes.		Generally	the	peak	power	which	is	in	the	range	of	21.70	MW	to	
22.13	 MW	 indicates	 that	 the	 plasma	 width	 obtained	 from	 a	 single	 lens	
technique	 is	greater	 than	 the	one	by	using	a	 combination	 lenses	 technique.	
Both	plasma	width	curves	are	increases	nonlinearly	upon	the	given	laser	peak	
power.	 	However	 the	changes	of	plasma	width	due	to	single	lens	technique	
is	 found	 drastically	 increases	 in	 compared	 with	 the	 plasma	 width	 from	 a	
combination	lenses	technique.		At	higher	peak	power,	the	plasma	width	curves	
produced	from	a	single	lens	technique	dropped	and	remained	almost	constant.	
In	 contrast,	 the	 plasma	 width	 curves	 produced	 from	 a	 combination	 lenses	
technique	decreasing	at	highest	peak	power.	
 


























	 Figure	 5	 shows	 the	 graph	 of	 plasma	 length	 as	 a	 function	 of	 peak	
power.	 	The	 length	 of	 plasma	obtained	 from	 combination	 lenses	 technique	










































by	 the	 oscillator	 voltage.	 	 It	 is	 known	 that	 the	 voltage	 oscillator	 controls	
the	output	of	the	laser	beam.		The	laser	output	was	found	unstable	at	higher	
voltage,	 hence	 influence	 the	 plasma	 formation.	 	 Consequently,	 the	 plasma	
formation	 in	 air	 is	 dependent	 on	 the	 laser	 output.	 	 If	 the	 laser	 output	 is	
fluctuated,	the	breakdown	as	well	as	the	plasma	formation	is	also	affected.
	 The	size	of	the	plasma	depends	on	the	focusing	technique	of	the	laser	
beam.	 	As	shown	in	Figure	6,	when	 the	 laser	 is	 focused	using	a	single	 lens	
technique,	a	long	focal	length	was	introduced.		As	a	result,	elongated	plasma	
was	produced.		The	experimental	spot	area	or	the	width	of	plasma	was	found	
almost	 constant.	 	 This	 result	 is	 in	 a	 good	 agreement	 with	 the	 theory	 of	
Gaussian	 beam	profile.	 	When	 the	 elongated	plasma	was	 formed	 there	 is	 a	
possibility	 of	 multiple	 breakdowns	 to	 occur.	 This	 is	 subjected	 to	 the	
occurrence	 of	 gross	 explosion	 at	 the	 focal	 point.	 Normally	 the	 formation	
of	 plasma	will	 associated	with	 the	 generation	 of	 acoustic	 shock	waves.	 	 If	
multiple	breakdowns	occur,	a	gross	multiple	shock	waves	also	involved.		The	







































lens	 and	 combination	 lenses.	 The	 plasma	 formation	was	 grabbed	 by	 using	
a	 high-speed	 photography	 technique	 and	 analyzed	 with	 the	 aid	 of	 image	
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